Abstract. We present a method based on multiresolution signal processing on meshes to create a thickness atlas. We applied this method to construct an atlas of bladder wall thickness. Bladder cancer is associated with increased bladder wall thickness. A thickness atlas helps to detect abnormal thickening in the bladder wall. Extracting inner and outer surface meshes from segmented images, we compute the thickness on the inner surface and map it to a sphere. We average the thickness at each position on the sphere to create a thickness atlas. We then compute Zscore values on the configuration of the patient's bladder to show regions of unusual thickness.
Introduction
Anatomical structures such as bladder wall, prostate wall, heart and cortical gray matter, have a varying thickness. A local thickening of the inner surface can be the first sign of an abnormality and is difficult to be distinguished from the normal variation in thickness. Aligning many surfaces and averaging their thickness values would create a thickness atlas. Areas where thickness is both large and highly different from the atlas would mean a high likelihood of abnormality. While Angenent et al. [1] formulate a conformal mapping with minimal area distortion, we use the wavelets on meshes introduced by Guskov et al. [3] to align surfaces onto a sphere. The benefits are a progressive alignment of the shape from large scale to finer details and a small distortion of the surface parameterization.
Algorithm
Inner and outer surface meshes are extracted by Marching Cubes [5] from manually segmented and coherently oriented scans. Each vertex of the inner surface gets a thickness value which is the distance to the closest vertex on the outer surface. We then create a Progressive Mesh [4] for each subject model. When traversing this representation from coarse to fine, we minimize the curvature of the vertices involved in a vertex split by divided differences [2] and project them to a sphere. Since any position on one sphere can be mapped to another sphere with 2 angles, we can average the thickness at this position on all models to create an atlas. For each subject, a Z-score, Z(v) = |thickness(v) − atlas thickness(v)|/atlas standard deviation(v), estimates the likelihood of pathological thickness at the vertex v.
Results
We implemented our method in the Visualization Toolkit [6] and applied it on 24 bladder cases to increase the specificity of tumor detection. Figure 1 illustrates our results. Each value of the spherical thickness atlas is an average over all 24 inner surfaces mapped to a sphere. Center images depict one case where a high thickness value matches a high Z-score (white areas). This suspicious area correlates with the abnormality detected by an expert on the CT images (arrow on the right image). 
Discussion and Conclusion
We presented an algorithm to automatically create a thickness atlas from segmented 3D images of the inner and outer volumes of an anatomical structure. Our method is based on multiresolution signal processing on meshes and introduces small parameterization distortion. The difference between the local thickness in a new scan and the atlas thickness improves the detection of abnormalities. Results on 24 bladder CT scans showed the potentiality of the method for further applications such as designing a thickness atlas of the cortical gray matter.
